Six derivatives of imidacloprid with an alkoxy group introduced at the fifth position on the pyridine ring were prepared. Minimal lethal doses in mol (MLDs) were determined in American cockroaches both with and without synergists, piperonyl butoxide and propargyl propyl benzenephosphonate. The log(1/MLD) value without synergists was 7.43 for the methoxy substituted derivative. Values for the higher alkyloxy homologues particularly the n-propoxy derivative were lower. Synergists combined enhanced the potency by about one log unit for each compound. The introduction of any alkoxy group does not improve the activity of imidacloprid.
Introduction
The preceding paper presented the insecticidal activity of halogen, cyano, and nitro-substituted imidacloprid at the 5th position on the pyridine ring, and described that fluoro and chloro derivatives ( Fig. 1 ) have strong insecticidal activity toward American cockroaches.
1) The result was unexpected, because an extra substitution, regardless of the nature or position of the substituent, had been assumed to reduce the potency of imidacloprid. 2) We were curious about how other substituents affect the insecticidal activity. In this note we describe the insecticidal activity of six alkoxy-substituted derivatives of imidacloprid.
Materials and Methods

Preparation of compounds
All melting points (mp) are uncorrected. NMR spectra were obtained with a Varian Gemini 2000 C/H (400 MHz). Chemical shifts were recorded in d (ppm) and the coupling constant J in Hz. Mass spectra were recorded with a JEOL JMS-700. Methyl 5-hydroxynicotinate is available from Tokyo Kasei Kogyo Co. Ltd. (Tokyo).
Methyl 2-chloro-3-hydroxynicotinate (3)
Methyl 5-hydroxynicotinate (2) (3.0 mmol) was treated dropwise with a sodium hypochlorite solution (5%, 2.1 ml) with external chilling on ice. After 30 min of stirring, the reaction was quenched by adding 4 M HCl (10 ml). The precipitated crystals were collected by suction, washed with a few milliliters of icecold water, and dried in a vacuum. For 3.23 ; N, 7.47%.
Methyl 3-alkoxy-2-chloronicotinate (4-9)
A mixture of 3 (1.0 mmol), the corresponding alkyl iodide (1.2 mmol) and potassium carbonate (1.5 mmol) in acetone (20 ml) was stirred at reflux temperature for 5-8 hr. The solvent was removed and the residue was diluted with water. The precipitated solid was washed with chilled water. If the product was a liquid, it was extracted with ethyl acetate and worked up. For analysis, if the product was solid, it was sublimated, and if it was a liquid, a part of it was subjected to preparative thin-layer chromatography with isopropyl ether (IPE)/hexane 1 : 2 to 3. 1.3. 3-Alkoxy-2-chloronicotinic acid (10-14) A solution of methyl ester (1 mmol) in methanol (0.6 ml) was treated with 10% aq. NaOH (3 ml) and stirred at room temperature for 12 hr. IPE washings were discarded and the aqueous phase was acidified to pH 2 with 6 M HCl with cooling on ice. After the flask was stood for a few hours in an ice bath, the precipitated solid was collected by suction, washed with a few milliliters of chilled water and dried. For analysis, a small crop was sublimated. 
3-Alkoxy-2-chloro-3-pyridinemethanol (6-21)
A suspension of carboxylic acid (1.0 mmol) in chloroform (5 ml) was treated with thionyl chloride (1 ml) and the mixture was warmed at 50°C for 5 hr. Chloroform and excess thionyl chloride were distilled off in a vacuum, 5 ml of fresh chloroform was added to the flask containing the residue and the distillation was repeated to remove trace amounts of thionyl chloride. The residue was dissolved in a minimal amount of THF (ca. 1 ml) and added dropwise to a previously prepared cold suspension of sodium borohydride (10 mmol) in 6 ml of water with ice cooling. The mixture was stirred for 3 hr in an ice bath. IPE (15 ml) was added to the reaction flask and the entire mixture was stirred for 30 min.
The IPE layer was separated by decantation, fresh IPE was added to the reaction slurry and stirred, and the IPE layer was again separated by decantation. This separation procedure was repeated once more. The combined IPE extract was washed with water, and dried. After removal of the solvent, the residue was separated by preparative thin-layer chromatography with ethyl acetate as the eluent. The yields of the alcohols were around 60% based on the carboxylic acids. 1.4.6. 2-Chloro-3-n-propoxy-3-pyridinemethanol (18) To a suspension of NaBH 4 (3 mmol) in 6 ml of THF was added powdered anhydrous CaCl 2 (2 mmol). After one-hour of stirring, methyl ester (12) (1 mmol) in 6 ml of THF was added dropwise and the mixture was stirred overnight at room temperature. After diluting in ethyl acetate (10 ml) for 1 hr, the upper layer was separated, and again 10 ml of ethyl acetate (10 ml) was added and the separation repeated. Finally brine (10 ml) and ethyl acetate were added and stirred for 10 min before a similar separation. The combined organic phase was washed with brine (10 ml) and dried. After a work-up, the alcohol was separated. 
(5-Alkoxy-6-chloro-3-pyridyl)methyl chloride (22-27)
A solution of alcohol (1 mmol) in chloroform (5 ml) was treated with 1 ml of thionyl chloride. The solution was warmed at 50°C for 3 hr. The cooled solution was poured into ice-cold water (15 ml) with stirring. After 1 hr of stirring, the chloroform layer was separated and the aqueous layer was extracted with chloroform (5 mlϫ2). The combined chloroform layer was washed with water, 1% aq. NaHCO 3 , and brine, and dried. After removal of the solvent, the residue was subjected to preparative thin-layer chromatography with IPE/Hexane 1 : 2. The yields of the products were around 70%. (23), 180 (45), 179 (69), 177 (100).
(6-Chloro-5-methoxypyridin-3-yl)methyl chloride
1-(5-Alkoxy-6-chloro-3-pyridylmethyl)-2-nitroiminoimi-
dazolidines (1d-1i) The preparation of 1d is typical of the procedure used. A solution of 2-nitroimino-4-imidazoline 3) (28; 214 mg, 1.65 mmol) in DMF (15 ml) was treated with sodium hydride (60% oil dispersion, 72 mg, 1.80 mmol) below 5°C. The mixture was stirred at room temperature until no hydrogen evolved and then cooled again to 0°C. A solution of 22 (315 mg, 1.66 mmol) in DMF (5 ml) was added dropwise. The cooling bath was set aside and the solution was stirred at room temperature for 3.5 hr. The reaction was quenched with one drop of acetic acid and the DMF was evaporated in vacuum. Chromatography on SiO 2 with ethyl acetate gave 256 mg (54% yield) of product, which was purified by recrystallization from methanol. Mp: 185-188°C. IR (KBr) cm Ϫ1 : 3300, 1600-1520, 1400, 1250, 1200. 
Insecticidal tests
Insecticidal tests were conducted as described earlier.
1) The minimum lethal dose (MLD; mol) was determined for each test compound. The activity was expressed as log(1/MLD). Results are listed in Table 1 . Each value is the mean of at least two experimental runs. The standard error was within Ϯ0.2. Figure 2 outlines the preparation of 5-alkoxyimidacloprid derivatives. A commercially available 5-hydroxynicotinic ester (2) was chlorinated at the 2-position with a sodium hypochlorite solution at 0°C. First, we attempted the direct reduction of ester to the alcohol using 5-propoxy ester (6) . The reduction with NaBH 4 in refluxing methanol, with LiAlH 4 in ether at lower temperatures, with diisobutylaluminum hydride in toluene and with boranemethyl sulfide complex failed. Only the method using NaBH 4 in the presence of CaCl 2 afforded alcohol 17 in as a low yield as 10%. Therefore, we adopted a detour approach, reduction of acid chloride (15), and obtained the other alcohols in satisfactory yields. The final products (1d-1i) were obtained by a coupling reaction of (5-alkoxy-6-chloropyridin-3-yl)methyl chloride (22-27) with 2-nitroiminoimidazolidine (28) in DMF using sodium hydride as an acid acceptor. The spectral data supported the structures of six new products.
Results and Discussion
Synthesis
Insecticidal activity
The insecticidal activity 24 hr after injection into American cockroaches is listed in Table 1 . Without a synergist (alone), the minimum lethal dose (log 1/MLD, mol) of imidacloprid (1a) was in the nanomolar range. The derivatives were considerably less potent than imidacloprid. Among the new compounds, the methoxy derivative (1d) was most active with a log(1/MLD) value of 7.43. The potency is 35 times smaller than that of imidacloprid, and about 10 times larger than that of the fluoro and chloro derivatives (1b, 1c) at the molar level. The introduction of higher alkoxy homologues did not improve the activity further. NIA16388 (propargyl propyl benzenephosphonate; NIA), which was originally reported as an inhibitor of the hydrolytic metabolism of tetramethrin, 4) a pyrethroid, has also been used to improve the activity of neonicotinoids. Our previous experiments suggested that the synergistic effect of NIA was ascribed to the inhibition of oxidative metabolism at the methylenyl carbon(s) on the imidazolidine ring. [5] [6] [7] Recent experiments with houseflies revealed a retarded degradation of [ 3 H]imidacloprid in the presence of NIA.
8) The present results support such an effect: NIA increased the level of activity by about one log unit for each compound. We have reported that the activity of neonicotinoid compounds could be further enhanced by adding PB, another inhibitor of oxidative metabolism. 9) A slight synergistic effect was observed for the OEt and OPr i derivatives (1e, 1g). Under these conditions, the potency of compound 1d was raised to almost the nanomolar level. The present experiments with and without synergists showed that the relation between the log(1/MLD) values of alkoxy derivatives and the alkyl chain lengths was not straightforward, but overall, the longer the alkyl chain, the weaker the activity. This result suggests that the permissible space around the position in question on the pyridine ring is small.
In conclusion, given that the methoxy derivative, the most active compound in the alkoxy series, was inferior to halo-substituted compounds, the extra alkoxy group at the fifth position is unfavorable.
